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Photoionization-efficiency ~PIE! spectra in the wavelength range of 108–143 nm are measured for
C2H5SCl produced from reaction systems Cl/Cl2 /C2H5SH and Cl/Cl2 /C2H5SSC2H5 in a
discharge-flow reactor coupled to a photoionization mass spectrometer employing a synchrotron as
the source of radiation. According to PIE spectra of C2H5SCl thus obtained, the ionization energy
~IE! is (8.99460.007) eV. Based on GAUSSIAN-2 calculations, the observed ionization of C2H5SCl
near the threshold region is likely to form doublet C2H5SCl1 from singlet C2H5SCl; the calculated
IE 8.978 eV agrees well with the experimental value. A vibrational frequency of doublet C2H5SCl1,
was found to be (557660) cm21, which agrees satisfactorily with a theoretical value of 560.9 cm21.
© 1999 American Institute of Physics. @S0021-9606~99!00646-7#I. INTRODUCTION
Biological emission of reduced sulfur compounds such
as CH3SCH3, CS2, CH3SH, CH3SSCH3, etc., from the ocean
strongly influences the chemistry of the atmosphere.1,2 Oxi-
dation of these reduced sulfur species in the troposphere is
primarily driven by HOx radicals;3,4 the process yields even-
tually sulfuric acid. It is supposed that products containing
both sulfur and chlorine atoms are less likely to be found in
the troposphere, as reactive chlorine is believed to have only
a small concentration there, but evidence is emerging that
reactive chlorine exists at unexpectedly large concentration
in the marine environment and in polar regions.5–7 On the
basis of these observations, much effort has been devoted to
deduce the mechanisms and kinetics of reactions related to
this effect.8–16 Cl atoms oxidize sulfur compounds 10–100
times as rapidly as analogous reactions involving the OH
radical. For instance,
Cl1CH3SCH3→products, ~1!
OH1CH3SCH3→products, ~2!
rate coefficients of reactions ~1! and ~2! at 298 K are 3.3
310210 and 6.5310212 cm3 molecule21 s21, respectively.3,4
Reactions of these reduced sulfur compounds by atomic Cl
can thus play significant roles in atmospheric chemistry, and
compounds containing sulfur and chlorine merit attention in
atmospheric research.
Spectral information about these species containing sul-
fur and chlorine is lacking, especially for compounds like
HSCl, CH3SCl, C2H5SCl, etc. We applied a discharge-flow
reactor with a photoionization mass spectrometer ~PIMS!
coupled to a synchrotron as the source of radiation to mea-
sure photoionization-efficiency ~PIE! spectra and ionization
a!Author to whom correspondence should be addressed. Electronic-mail:
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Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to energies ~IE! of HSCl and CH3SCl.17,18 In further investiga-
tion of these species, C2H5SCl is the subject of this work.
Stable isomers of these species exist generally in multiple
conformers of which the structures cannot be ascertained
from mass spectra. To assess the reliability of experimental
results and to identify the isomeric structures, we employed
ab initio calculations on C2H5SCl and its cation using the
GAUSSIAN-2 ~G2! method; predictions from these calculations
are compared to experimental results.
II. EXPERIMENTS AND THEORETICAL METHODS
A. Experiments
For this work, the main instrument is a photoionization
mass spectrometer equipped with a discharge-flow reactor
employing synchrotron radiation as an ionization source, de-
scribed in detail elsewhere;17,19 only matters pertinent to this
experiment are explained here. Vacuum ultraviolet ~VUV!
radiation for photoionization was dispersed with a 1 m Seya-
Namioka monochromator attached to a beam line at the 1.5
GeV storage ring of Taiwan’s Synchrotron Radiation Re-
search Center. A grating with 600 grooves/mm provided an
optimal photon flux in a spectral range of 105–150 nm. Slits
of width 0.05–0.1 mm are typical in spectral measurements,
corresponding to a resolution of 0.1–0.2 nm. A LiF window
of 2 mm thickness served to suppress the radiation of wave-
lengths less than 105 nm. To monitor the intensity of the
ionization beam, we measured fluorescence from a glass
window coated with sodium salicylate.
The reactions were conducted in a flow reactor, a Pyrex
tube of 30 cm length and inside diameter ~i.d.! of 25 mm
with a movable injector @outside diameter ~o.d.! 8 mm#. To
minimize possible wall reactions, we inserted a Teflon tube
~i.d. 21.5 mm! into the flow tube. To generate C2H5SCl, the
systems Cl/Cl2 /C2H5SH and Cl/Cl2 /C2H5SSC2H5 underwent
the following reactions:3 © 1999 American Institute of Physics
AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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C2H5S1Cl2→C2H5SCl1Cl, ~4!
Cl1C2H5SSC2H5→C2H5SCl1C2H5S. ~5!
Cl atoms were produced on flowing a mixture of He gas
containing Cl2 through a sidearm subjected to microwave
discharge. To reduce the background signal due to scattered
light, we passed the discharge gas flow through a right angle
that included a Wood’s horn. A mixture of
C2H5SH/C2H5SSC2H5 and He was introduced into the flow
tube through the movable injector.
The gases from the flow tube were sampled into an ion-
ization region of a quadrupole mass spectrometer with dif-
ferential pumping in three stages. The pressure in the flow
tube was first regulated with a rotary pump and maintained at
~0.7–1.5! Torr. Gaseous effluents were conducted into a sec-
ond chamber through a Teflon diaphragm with a hole of
diameter 2 mm; a turbomolecular pump ~1000 l s21! main-
tained pressure below 131024 Torr. This gaseous flow en-
tered the ionization chamber through a 3 mm Teflon hole and
intersected with VUV radiation. Another turbomolecular
pump with speed 1000 l s21 kept the pressure below 6
31026 Torr near the detection region during experiments.
Typical experimental rates ~in STP cm3 s21! of flow
were as follows: He54 – 14, Cl250.1– 0.4, C2H5SH/
C2H5SSC2H550.2– 0.5, He to carry Cl251 – 2, and He to
carry C2H5SH/C2H5SSC2H551 – 2. The pressure near the re-
action region was maintained between 0.9 and 1.2 Torr, re-
sulting in flow speeds in a range 800–2600 cm s21 and reac-
tion durations in the range 11–38 ms. All experiments were
carried out at ambient temperature ~29863! K. He ~Mathe-
son, .99.9995%! and Cl2 ~Matheson, .99.9%! were used
directly without further purification. The first fifths of liquid
C2H5SH ~Aldrich, .99%! and C2H5SSC2H5 ~Aldrich,
.99%! were discarded at 298 K before the remaining
samples were used.
B. Computational methods
Energies EG2 of neutral C2H5S and C2H5SCl and corre-
sponding cations were calculated using the G2 method20 and
GAUSSIAN 94 program.21 IE were computed from differences
between energies of the neutral molecule and its cation in
their optimized structures. Equilibrium geometries were first
evaluated by the Hartree–Fock ~HF! method with a
6-31G(d) basis set. The zero-point vibrational energy and
harmonic frequencies of vibrational modes for each geom-
etry were calculated at an identical level of theory,
HF/6-31G(d), and scaled with a factor of 0.8929. Stationary
structures from the HF calculation were further optimized
with an MP2 perturbation calculation and a 6-31G(d) basis
set to obtain improved structures. The G2 energetics were
computed at this optimized geometry @MP2~full!/6-31(d)# .
To compute the vertical IE, the G2 level energy of the ion
was deduced from a single-point calculation with geometry
optimized at the MP2~full!/6-31(d) level of the most stable
structure of the neutral molecule. The single-point computa-
tion for the ion included QCISD~T!/6-311(d ,p),
MP4/6-311(d ,p), MP4/6-3111(d ,p), MP4/6-3111(2d f ,Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to p), and MP2/6-3111(3d f ,2p). Possible vibrational excita-
tion of the cation associated with a vertical transition was not
treated explicitly; thus, the zero-point energy, which was
evaluated with harmonic frequencies from HF/6-31G(d)
scaled by 0.8929 for optimized geometry of an ion that has a
structure similar to that of the neutral molecule, was used as
an approximation. All computations were made on a work-
station ~SGI ORIGIN 2000!.
III. RESULTS AND DISCUSSION
A. Formation of products
A characteristic mass spectrum obtained under typical
flow conditions in the reaction system Cl/Cl2 /C2H5SH with
the wavelength of ionizing radiation set at 124 nm ~10.0 eV!
is displayed in Fig. 1~a!. Photoions were detected in signifi-
cant yield at m/z562 (C2H5 32SH1), 63 (13C2H5 32SH1),
64 (C2H5 34SH1), 76 (CS21), 96 (C2H5 32S35Cl1), 98
(C2H5 32S37Cl1, C2H5 34S35Cl1), 122 (C2H5 32S32SC2H51),
and 124 (C2H5 32S34SC2H51). The small signal at m/z
576(CS21) results from impurity of reactant C2H5SH. Ex-
cept ions from the reactant and this impurity, only ions from
FIG. 1. Mass scan of products at excitation wavelength 124 nm ~10.0 eV!:
~a! in the reaction system Cl/Cl2 /C2H5SH; ~b! in the reaction system
Cl/Cl2 /C2H5SSC2H5.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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tem. C2H5S radicals produced from reaction ~3! subsequently
reacted rapidly with Cl2 to generate C2H5SCl. C2H5S also
combines with itself to form C2H5SSC2H5,
C2H5S1C2H5S→C2H5SSC2H5. ~6!
The main reaction of C2H5S in the reaction system is reac-
tion ~4!. Thus, to maximize the signal of C2H5SCl1, C2H5S
should react with excess Cl2 under suitable conditions of
flow velocity and position of movable injector. In such con-
ditions ions with m/z561 (C2H5S1) are absent but can be
detected under conditions of Cl2 at small concentration and
brief duration of reaction. Ions at m/z596 (C2H5 32S35Cl1)
typically gained 5%–20% in intensity relative to the parent
ion with m/z562 (C2H5 32SH1) in this system.
Photoions at 124 nm in the reaction system
Cl/Cl2 /C2H5SSC2H5 were similarly observed at m/z596
(C2H5 32S35Cl1), 98 (C2H5 32S37Cl1, C2H5 34S35Cl), 122
(C2H5 32S32SC2H51), and 124 (C2H5 32S34SC2H51), as shown
in Fig. 1~b!. C2H5SCl is obviously the main product of reac-
tion in this system. Ions at m/z596 (C2H5 32S35Cl1) gained
10%–25% in intensity relative to the prominent parent ion
with m/z5122 (C2H5 32S32SC2H51). As shown in Fig. 1,
C2H5SCl is the major product in both systems; both reactions
are thus suitable as a source of this compound.
B. PIE and IE of C2H5S
Although the ion C2H5S1 is observed under controlled
conditions as described above, the signal is small because the
C2H5S radical is labile. Figure 2 displays the PIE spectrum
of C2H5S over the wavelength range l5(130– 142) nm in
the system Cl/Cl2 /C2H5SH. The spectrum was obtained on
monitoring the ion counts at m/z561 that were normalized
FIG. 2. Photoionization efficiency spectrum of C2H5S(m/z561) at a nomi-
nal resolution of 0.1 nm and with a step of 0.1 nm. C2H5S was produced
from the reaction system Cl/Cl2 /C2H5SH. The arrow indicates the ionization
energy of C2H5S.Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to with respect to relative intensities of the VUV source at var-
ied wavelengths. This spectrum was scanned with steps 0.1
nm at a slit width 0.05 mm, corresponding to a nominal
resolution at about 0.1 nm. The spectrum displays an abrupt
onset, characteristic of direct ionization through a 0→0 tran-
sition, and thus indicating similar geometries of the neutral
molecule and ion in their electronic ground states. The
threshold of C2H5S is derived from the distinct step shown at
the onset from either the first derivative or the midrise point
of the onset. A threshold of ~138.260.1! nm was obtained,
which corresponds to an ionization energy of ~8.97160.007!
eV. This result is in good agreement with the value of ~8.97
60.01! eV reported by Ng’s group, for which C2H5S radicals
were generated on laser photodissociation of C2H5SC2H5 and
detected with PIMS.22
C2H5S might exist as four stable isomers, CH3CH2S, cis-
CH3CHSH, trans-CH3CHSH, and CH3SCH2. The adiabatic
IE of CH3SCH2 is ~6.8560.03! eV determined by Baker and
Dyke with photoelectron spectroscopy.23 The IEs of cis-
CH3CHSH, trans-CH3CHSH, and CH3CH2S are calculated
to be 6.82, 6.81, and 9.07 eV, respectively.22 We calculated
the IE of CH3CH2S to be 9.077 eV, near the experimental
value ~8.97160.007! eV. The observed photoion at m/z
561 is accordingly assigned to CH2CH3S1 ionized from
corresponding neutral CH2CH3S.
C. PIE spectrum and IE of C2H5SCl
PIE spectra in the spectral range of 108–143 nm of the
photoion at m/z596 are shown in Fig. 3. Spectrum A was
obtained from the reaction system Cl/Cl2 /C2H5SH, and spec-
trum B was obtained from the system Cl/Cl2 /C2H5SSC2H5;
these spectra were almost identical. These spectra were
scanned with a step of 0.1 nm and a slit width of 0.05 mm.
FIG. 3. Photoionization efficiency spectrum of C2H5SCl(m/z596) at a
nominal resolution of 0.1 nm and with a step of 0.1 nm. ~A! from the
reaction system Cl/Cl2 /C2H5SH; ~B! from the reaction system
Cl/Cl2 /C2H5SSC2H5, the spectrum is shifted upward by 4 units for ease of
inspection.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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cated reactions, we measured background ion-yield spectra
under the same flow conditions except that the microwave
discharge to produce the Cl atoms was discontinued. Only
small and regular noise was observed in both featureless
background spectra for wavelengths greater than 108 nm.
Hence, PIE spectra displayed in Fig. 3 are those of C2H5SCl
generated from the specified reactions and free of interfer-
ence. The photoion yield curve rises abruptly beginning at
about 138 nm, and ascends continuously to a prominent
maximum at 124 nm, then declines until 110 nm, before
increasing again to the end of the recorded region.
To improve the determination of the ionization energy of
C2H5SCl, we performed detailed examinations near the
threshold region for two reaction systems. Figure 4 displays
the threshold region of C2H5SCl from the system
Cl/Cl2 /C2H5SH in the wavelength range l5(132
– 142) nm. The spectrum was recorded at a nominal resolu-
tion of 0.1 nm ~with a slit width of 0.05 mm! and with a step
of 0.05 nm. The PIE spectrum near the threshold shows a
small tail extending beyond 138 nm, indicating that the spec-
trum may contain features due to vibrationally excited neu-
tral molecules near the onset region. The intensity of photo-
ions rises quickly and abruptly to the shorter wavelength. On
FIG. 4. Photoionization efficiency spectrum of C2H5SCl(m/z596) near the
threshold region from the reaction system Cl/Cl2 /C2H5SSC2H5 at a nominal
resolution of 0.1 nm and with a step of 0.05 nm. The first derivative of the
PIE spectrum near the onset region is shown in the inset. The ionization
energy is 8.997 eV.Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to closer examination, step-like features seem to exist in the
curve near the onset region, which may be attributed to a
vibrational progression of the cation. The steps display cur-
vature, which we attribute to rotational broadening. In this
case, it is difficult to determine the IE accurately from in-
spection. To obtain unambiguously the IE, we analyzed the
first derivative of the PIE spectrum, @d(PIE)/dl# , near the
onset; the result is plotted in the inset of Fig. 4. The first
derivative of photoion yield rises continuously beginning
from 139 nm, and has two distinct features at 137.80 and
136.75 nm. A threshold is thus derived from the maximum
of the first derivative curve for the first distinct maximum at
137.80 nm, indicated with an arrow in Fig. 4. This threshold
corresponds to IE5(8.99760.007) eV; the uncertainty re-
flects the resolution of the measurement. The IE of C2H5SCl
was similarly determined from the reaction of Cl atoms with
C2H5SSC2H5; a value of IE5(8.99060.007) eV was thus
obtained. The mean of these values for the IE of C2H5SCl is
~8.99460.007! eV.
Despite the step-like features of the PIE spectrum near
the onset for C2H5SCl that display severe curvature, which
may be due to rotational broadening, the spectrum has an
underlying vibrational structure. Differentiation of the pho-
toion yield function indicates vibrational progressions,
shown in the inset of Fig. 4. A prominent feature at wave-
lengths smaller than the specified IE appears at 136.75 nm,
which we assign to ion C2H5SCl1 in a vibrationally excited
state. The vibrational frequency (557660) cm21 is derived
from the separation between this feature and the threshold
~137.80 nm!; the error reflects the resolution of measure-
ments.
D. Comparison with theoretical calculations
To search possible geometries of neutral C2H5SCl and
its cation, we employed quantum-chemical calculations at
the MP2~full!/6-31G(d) level on target molecules, and found
two stationary points for neutral C2H5SCl and one for
C2H5SCl1. Table I lists predicted energies and some impor-
tant parameters of these optimized structures, singlet
C2H5SCl, triplet C2H5SCl, and doublet C2H5SCl1. The har-
monic frequencies of C2H5SCl in two conformers and dou-
blet C2H5SCl1 were computed at the HF/6-31G(d) level and
scaled by 0.8929. All vibrational frequencies have positive
values, indicating that these optimized structures are local
minima; these theoretical values are listed in Table II, in
increasing order. The fifth and sixth vibrational modes of
doublet C2H5SCl1 were calculated to be 560.9 and 582.4
cm21, respectively; these values are close to the experimen-
tal value of 557 cm21. The vector diagrams of vibrationalTABLE I. Energetics EG2 and important parameters of optimized structures of C2H5SCl and C2H5SCl1 calculated at the MP2~full!/6-31G(d) level.
Species Term
EG2
/hartree
C–C
/Å
C–S
/Å
S–Cl
/Å
/C–S–Cl
/degree
/H–C–C
/degree
/C–C–S
/degree
Backbone dihedral
/degree
C2H5SCl 1A8 2936.518 513 1.524 1.808 2.050 99.6 109.3 107.9 180.0 ~C–C–S–Cl!
C2H5SCl 3A9 2936.445 168 1.520 1.797 2.551 91.7 109.3 113.6 180.0 ~C–C–S–Cl!
C2H5SCl1 2A9 2936.188 596 1.562 1.799 1.949 104.5 107.2 108.5 180.0 ~C–C–S–Cl!AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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the change of S–Cl bond length; whereas, the sixth one in-
volves the stretching of the S–Cl bond. It is expected that the
antibonding electron in the p* orbital of S–Cl is ejected on
ionization; excitation to the fifth vibrational mode bears less
change in the S–Cl bond and tends to favor Franck–Condon
overlap. We thus tentatively assign the observed vibrational
feature to the n5
1 mode of doublet C2H5SCl1.
Structures of calculated species all show Cs symmetry,
as depicted in Fig. 5. These species differ mostly in the bond
length of S–Cl and in the bond angle /C–S–Cl; the greater
the bond length of S–Cl the smaller the bond angle /C–S–
Cl. For two neutral isomers, singlet C2H5SCl is more stable
than triplet C2H5SCl by an energy 0.073 345 hartree or 193
kJ mol21; the bond length of S–Cl of the latter is 2.551 Å,
compared to 2.050 Å for the former. The calculated ioniza-
tion energies and vertical ionization energies for two con-
formers of C2H5SCl are listed in Table III. For ionization
from neutral singlet C2H5SCl to ionic doublet C2H5SCl1, the
calculated IE is 8.978 eV; for neutral triplet C2H5SCl exci-
tation to ionic doublet C2H5SCl1, the calculated IE is 6.981
eV; those calculated IE differ by about 2.00 eV. From a
structural point of view, the bond S–Cl in doublet C2H5SCl1
is shorter by about 0.10 Å than that in singlet C2H5SCl, but
shorter by about 0.60 Å than for triplet C2H5SCl. Accord-
ingly, the observed ionization of C2H5SCl near the threshold
region is more likely to form from singlet C2H5SCl to dou-
blet C2H5SCl1 upon ionization; the calculated IE 8.978 eV
agrees well with the experimental value 8.994 eV. Hence,
only singlet C2H5SCl was generated in experimental condi-
tions. Singlet C2H5SCl evidently undergoes only a small
structural change upon ionization; this condition is also re-
flected in the small difference between adiabatic and vertical
IE, DE50.13 eV ~Table III!, consistent with a distinct onset
TABLE II. Scaled vibrational frequencies ~in cm21! of singlet C2H5SCl,
triplet C2H5SCl, and doublet C2H5SCl1 calculated at HF/6-31G(d); the
scaling factor is 0.8929.
Vibrational
mode 1A8C2H5SCl 3A9C2H5SCl 2A9C2H5SCl1
1 78.3 33.2 59.0
2 166.6 54.5 166.4
3 221.6 85.4 213.4
4 306.0 230.2 299.7
5 517.1 320.2 560.9
6 667.2 635.7 582.4
7 773.4 690.3 722.8
8 942.6 941.1 910.8
9 1038.8 978.7 1004.7
10 1041.1 1041.6 1043.7
11 1234.5 1237.1 1218.2
12 1290.1 1285.2 1280.4
13 1396.5 1398.3 1398.9
14 1462.4 1427.1 1411.5
15 1462.4 1460.5 1451.1
16 1470.1 1464.2 1456.1
17 2871.4 2868.5 2886.0
18 2909.8 2890.7 2901.3
19 2931.7 2924.2 2954.9
20 2934.4 2927.5 2960.1
21 2963.9 2945.5 2968.7Downloaded 21 Nov 2007 to 211.23.84.2. Redistribution subject to at the ionization threshold in the PIE spectrum in Fig. 3.
The atomic charges of conformers of neutral C2H5SCl
and ionic C2H5SCl1 result from Mulliken population analy-
sis of SCF/6-3111G(3d f ,2p) densities; these charges are
listed in Table IV. Mulliken population analysis provides
only rough ideas of how charge is distributed. For compari-
son, Table IV also lists atomic charges of species HSCl,
HSCl1, CH3SCl, and CH3SCl1. These atomic charge densi-
ties disclose that the sulfur atom bears a major part of the
positive charge, although Cl atoms also become more posi-
tive so as to share the positive charge. Such behavior is com-
patible with one explanation that the antibonding electron in
the p* orbital of S–Cl is ejected. The positive charge on the
S atom decreases as the number of C atoms in RSCl1 in-
creases, consistent with the notion that an alkyl group do-
nates electronic density.
FIG. 5. Geometries of singlet C2H5SCl, triplet C2H5SCl, and doublet
C2H5SCl1, optimized at the MP2~full!/6-31G(d) level. Other important pa-
rameters of each species are listed in Table I. Bond lengths are in angstroms.
TABLE III. Predicted ionization energies IE and vertical IE of C2H5S and
C2H5SCl using the GAUSSIAN-2 method.
Structure Term Structure Term IE/eV Vertical IE/eV
C2H5S 2A9 C2H5S1 3A9 9.077a 9.130
C2H5SCl 1A8 C2H5SCl1 2A9 8.978 9.110
C2H5SCl 3A9 C2H5SCl1 2A9 6.981
aSimilar calculation yields a consistent result, 9.07 eV ~see Ref. 22!.AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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Downloaded 21 NTABLE IV. Atomic charge densities of HSCl, CH3S, C2H5SCl, and their cations.
Species Atomic charge densities
H S Cl
1A8HSCla 0.159 20.081 20.078
2A9HSCl1 0.251 0.481 0.269
Hb C S Cl
1A8CH3SCl 0.155 20.316 0.001 20.150
3A9CH3SCl 0.174 20.324 0.133 20.331
2A9CH3SCl1 0.219 20.316 0.505 0.155
H1b C1c H2d C2e S Cl
1A8C2H5SCl 0.149 20.488 0.143 0.032 20.194 20.083
3A9C2H5SCl 0.141 20.363 0.168 20.115 0.010 20.290
2A9C2H5SCl1 0.185 20.424 0.201 20.050 0.302 0.215
aReference 17.
bAverage charge of three hydrogen atoms.
cThe carbon atom attached by three hydrogen atoms and a carbon atom.
dAverage charge of two hydrogen atoms.
eThe carbon atom next to the sulfur atom.IV. CONCLUSIONS
With a discharge-flow reaction system, a photoionization
mass spectrometer, and synchrotron radiation, we obtained
photoionization spectra of the product C2H5SCl from the sys-
tems Cl/Cl2 /C2H5SH and Cl/Cl2 /C2H5SSC2H5. The PIE
spectrum of C2H5SCl rises abruptly beginning at about 138
nm, and ascends continuously to a prominent maximum at
124 nm, then declines until 110 nm, and increases again
toward 108 nm. The ionization energy ~8.99460.007! eV of
C2H5SCl is derived from the first derivative of the PIE spec-
trum. Based on the results from the calculations with the G2
method, the observed ionization of C2H5SCl near the onset is
likely to form from neutral singlet C2H5SCl to ionic doublet
C2H5SCl1 upon ionization; the calculated IE 8.978 eV
agrees well with the experimental value. By analyzing the
first-derivative curve of the PIE spectrum with the scaled
theoretical harmonic vibrational frequencies calculated at the
HF/6-31G(d) level, we found one vibration of doublet
C2H5SCl1 to have a wavenumber of (557660) cm21.
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